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Abstract

Objective: To investigate whether treatment initiated with an angiotensin-converting enzyme inhibitor (ACE-I) or an
angiotensin II receptor blocker (ARB) for patients with ischemic heart disease, hypertension, or diabetes causes a
reduction in hemoglobin (Hb) levels.
Patients and Methods: This was a retrospective cohort analysis using the computerized database of a large health
maintenance organization. Included were all adults with a first purchase of an ACE-I, an ARB, or a calcium channel
blocker (CCB) between January 1, 2004, and December 31, 2009, defined as the index date. Measures of Hb levels
before and 1 year after the index date were reviewed, and the change was calculated. All the analyses were stratified by
pharmaceutical class. The main exposure variables were the proportion of days covered (PDC) by these drugs and the
mean enalapril dosage (for enalapril users only).
Results: Levels of Hb before and after treatment were available for 14,754 patients taking ACE-Is, 751 taking ARBs,
and 3087 taking CCBs. A high PDC was significantly associated with greater yearly reductions in Hb levels compared
with a low PDC for CCB use, but was more pronounced for ACE-I and ARB use. A high PDC was also associated with
a higher odds of developing anemia in ACE-I users (odds ratio [OR], 1.59; P�.001) and ARB users (OR, 2.21; P�.05).
In nonanemic enalapril users, every 10-mg increment in daily dose was associated with an OR of 1.45 for the
development of anemia (P�.001). The association remained after excluding nonadherent patients.
Conclusion: Levels of Hb are reduced during the first year of use of ACE-Is and to a lesser extent with use of ARBs. This
association is dose dependent and is not explained by patient adherence.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(12):1189-1195
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A ngiotensin-converting enzyme (ACE) plays
a role in hematopoiesis stimulation and not
only in the regulation of vascular homeo-

stasis.1 Several studies have found that renin an-
giotensin system activation may enhance erythro-
poiesis and may be associated with secondary
erythrocytosis.2,3 The ACE inhibitors (ACE-Is) and
angiotensin II receptor blockers (ARBs) have been
reported to reduce hemoglobin (Hb) levels in sev-
eral patient groups at risk for secondary erythro-
cytosis, including patients with heart failure,4 he-
modialysis,5 or chronic obstructive pulmonary
disease,6,7 and after cardiac surgery8 or kidney
transplant.9,10 Although the physiologic mecha-
nism for the observed inhibitory effect remains un-
clear, these pharmaceutical classes were found to
suppress erythropoiesis in the previously men-
tioned populations in a dose-dependent manner.
Moreover, treatment with ACE-Is or ARBs has been

proved effective for secondary polycythemia, for ex-
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ample, after renal transplantation9 and reactive
high-altitude erythrocytosis.11 To date, large-scale
population-based studies regarding the hematologic
effect of these common medications in patients with
heart disease, hypertension, and diabetes with pre-
served renal function have not been performed, to
our knowledge. The aim of this study was to evalu-
ate the association between initiation of ACE-I or
ARB therapy and Hb concentration in patients re-
ceiving these drugs for reasons not associated with
secondary erythrocytosis.

PATIENTS AND METHODS

Study Population
We conducted a retrospective cohort study using
the database of Maccabi Healthcare Services (MHS),
Israel’s second largest health care maintenance orga-
nization, described in detail elsewhere.12-14 Briefly,

the MHS database (fully in use in all levels of the
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organization) has been operational since 1996 and
currently includes the medical history and labora-
tory data of approximately 2 million individual
members of MHS, which under the Israeli National
Health Insurance Act may not bar any citizen who
wants to join it.

All the data were obtained from the MHS com-
puterized database used to elicit information on all
community consultations, diagnoses, prescriptions,
dispensed prescriptions, hospital discharge data,
laboratory test results, and other treatments. The
diagnosis dates are entered automatically as the en-
counter dates or by the physician for specific event
dates. The analysis was performed retrospectively
using a large unnamed database and was approved
by the Institutional Review Board of Assuta Medical
Center, Tel Aviv, with a waiver of informed consent.

Cohort Definition
The present retrospective analysis included all MHS
members older than 25 years with a record of at least
one purchase from one of the following pharmaceu-
tical classes: ACE-Is, ARBs, or calcium channel
blockers (CCBs) from January 2004 through De-
cember 2009. The date of the first purchase was
defined as the index date. We excluded all patients
with purchases of ACE-Is, ARBs, or CCBs during the
previous years (2001-2003) and patients with pur-
chases of medications from more than one of these
pharmaceutical classes (ACE-Is, ARBs, and CCBs)
during the first 15 months after the index date.

The initial cohort using the MHS central data-
base included adults older than 25 years starting
treatment with an ACE-I, ARB, or CCB between Jan-
uary 1, 2004, and December 31, 2009, and receiv-
ing only that pharmaceutical class during the first 15
months after the index date. To assess the true re-
duction in Hb levels in patients in the general pop-
ulation receiving these medications, we excluded all
patients with renal failure (a diagnosis or an esti-
mated glomerular filtration rate �60 ml/min using
the simplified Modification of Diet in Renal Disease
formula15), cancer, pregnancy, major bleeding, and
surgical ward hospitalization in the year before the
index date and during the following year. Individu-
als with more than 10 measurements of Hb levels
during 1-year follow-up were also excluded because
these measurements may have obscured an alterna-
tive medical problem.

After applying the exclusion criteria noted pre-
viously herein, the cohort included 17,960 patients
taking ACE-Is, 916 receiving ARBs, and 3884 taking
CCBs (N�22,760). Annual change in Hb level was
available for 81.7% of these patients (n�18,592)
having an Hb level measurement before treatment
initiation and at least one Hb level measurement

during the 15 months after the index date. A total of
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14,754, 751, and 3087 patients receiving ACE-Is,
ARBs, and CCBs, respectively, were eligible for the
analyses.

Hb Level Measurements
For each patient, the following Hb measures were
reviewed: the last Hb level before the initiation of
ACE-I, ARB, or CCB therapy during the 6 months
before to1 month after the index date and the last Hb
level recorded 9 to 15 months after the index date.
To evaluate the change in Hb levels during 1 year,
we calculated the mean yearly difference in Hb lev-
els (delta of Hb change normalized for a 1-year pe-
riod using the time difference between the mea-
sures). Anemia status for each Hb measurement was
defined as Hb levels less than12 g/dL in women and
less than 13 g/dL in men (to convert to g/L, multiply
by 10.0), in accordance with the World Health Or-
ganization (WHO) criteria.16 Measurements of Hb
evels were performed using automated hematology
nalyzers (Sysmex XE-5000 or Sysmex XE-2100;
ysmex Corp) at various central laboratories across
srael.

roportion of Days Covered
n accordance with previous studies,14,17,18 we cal-

culated the mean proportion of days covered (PDC)
by dividing the quantity of study medication dis-
pensed by the interval from the index date to the end
of follow-up, death, leaving MHS, or December 31,
2009, whichever occurred first. We excluded indi-
viduals with a PDC greater than 120% because these
extra purchases might indicate errors rather than
real extra exposure.

Statistical Analyses
All the analyses were stratified by pharmaceutical
class and were adjusted for sex and age category by
decades. Linear regression analyses were used with
mean Hb level difference as a dependent variable,
and logistic regression analyses were used with de-
velopment of anemia as a dependent variable. The
main exposure variables were PDC (duration of dis-
pensed prescriptions divided by follow-up time)
and mean enalapril dosage (for enalapril users only).
The PDC was categorized into 3 levels: low (�33%),
medium (33%-66%), and high (�66%-100%).

Factors with possible influence on Hb level, in
addition to other comorbidities, were extracted
from the database to enable adjustments in multi-
variate models: age (categorized into decades), sex,
and exposure to statins, warfarin, clopidogrel,
enoxaparin, heparin, fibrates, and nitrates (defined
as �1 purchase during the year after the index date).
The final models were adjusted only for age and sex

because further adjustment for additional character-
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ANEMIA AFTER ACE INHIBITOR INITIATION
istics (comorbidites and other medication expo-
sure), as well as stratification by sex, did not reveal
major changes (data not shown). All the analyses
were performed using a statistical software package
(SPSS, version 19; SSPS Inc). P�.05 (2-tailed) was
considered significant.

RESULTS
The final cohort included 14,754, 751, and 3087
patients receiving ACE-Is, ARBs, and CCBs, respec-
tively, eligible for the analyses. The mean � SD patient
age was 55�11 years (age range, 25-96 years). Men
composed 53% of the study population. Table 1 pre-
sents the basic characteristics, comorbidities, and
relevant medications used by the study patients.
During 1-year follow-up, 233 patients (1.6%), 14

TABLE 2. Measurements of Hb Levels Before Treatm

Pharmaceutical
class

Patients
(No.)

Before treat

Mean Hb
(g/dL)

Hb range
(g/dL)

ACE-I 14,754 14.07 7.3-21.9 1

ARB 751 13.99 6.6-17.4 1

CCB 3087 13.89 8.5-20.2 1

a ACE-I � angiotensin-converting enzyme inhibitor; ARB � an
interquartile range.
b SI conversion factor: To convert Hb values to g/L, multiply by
c

TABLE 1. Basic Population Description, Comorbidities

Variable
Total
(N�1

Age (y), mean � SD (range) 55�11

Male 9776

Hypertension 14,011

Diabetes 4753

Cardiac registry 2942

Combined hypertension, diabetes, and cardiac
registry 16,644

Clopidogrel 1204

Warfarin 416

Heparin 1

Enoxaparin 195

Statins 10,269

Fibrates 930

Nitrates 551

a ACE-I � angiotensin-converting enzyme inhibitor; ARB � angi
b Data are presented as No. (percentage) of patients unless ind
Anemia according to the World Health Organization definition: Hb
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1.9%), and 32 (1.0%) treated with ACE-Is, ARBs,
nd CCBs, respectively, developed anemia accord-
ng to the WHO definition. Measurements of Hb
evels before and after treatment initiation are given
n Table 2. A significant reduction in Hb concentra-
ions was noted 1 year after treatment initiation with
ach of the 3 medications (Figure 1), although the
verage change in Hb level in patients receiving
CBs was smaller (Table 2).

Mean annual change in Hb level was calculated
eparately for the 3 PDC levels, reflecting adherence
o medical treatment with the tested medications.
he PDC with ACE-Is was associated with a mean
nnual reduction in Hb levels of 0.07 and 0.15 g/dL
omparing medium and high adherence with pa-
ients in the low PDC group, respectively. A similar

nitiation and After 1 Year of Treatmenta,b

initiation After treatmen

R
Patients with

anemia (No. [%])c

Mean Hb
(g/dL)

Hb range
(g/dL) I

15.1 1207 (8.2) 13.94 7.4-19.7 13.

14.9 67 (8.9) 13.87 8.5-18.2 12.

14.8 284 (9.2) 13.83 8.0-21.0 12.

sin II receptor blocker; CCB � calcium channel blocker; Hb �

d Relevant Medicationsa,b

rt
)

ACE-I users
(n�14,754)

ARB users
(n�751)

CCB users
(n�3087)

96) 55�11 (25-96) 57�11 (29-93) 57�12 (25-96)

8022 (54) 393 (52) 1361 (44)

11,189 (76) 525 (70) 2297 (74)

4338 (29) 182 (24) 223 (7)

2363 (16) 134 (18) 445 (15)

) 13,496 (91.5) 633 (84.3) 2515 (81.5)

1084 (7.3) 40 (5.3) 80 (2.6)

296 (2) 21 (2.8) 99 (3.2)

1 (0) 0 0

141 (1) 9 (1.2) 45 (1.5)

8492 (57.6) 434 (57.8) 1343 (43.5)

788 (5.3) 39 (5.2) 103 (3.3)

439 (3) 19 (2.1) 93 (3)

in II receptor blocker; CCB � calcium channel blocker.
otherwise.
ent I

ment t initiation

IQ QR
Patients with

anemia (No. [%])c

3.1- 0-14.9 1440 (9.8)

3.1- 9-14.8 81 (10.8)

3.0- 9-14.8 316 (10.2)

gioten hemoglobin; IQR � 25%-75%

10.0.
, an

coho
8,592

(25-

(53)

(75)

(26)

(16)

(89.5

(7)

(2.2)

(0)

(1)

(55)

(5)

(3)

otens
levels �12 g/dL in women and �13 g/dL in men.
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association was also observed in patients treated
with ARBs in the high-adherence group. A high PDC
for CCB treatment was associated with a reduction
in Hb levels of 0.08 g/dL compared with patients
with a low PDC (Table 3).

Using a logistic regression model, we examined
the association of medication adherence with the
development of anemia in accordance with WHO
criteria in patients who were not anemic at baseline,
revealing significant odds of progression to anemia
during 1 year of follow-up in patients with a high
PDC receiving ACE-Is or ARBs (odds ratios
[ORs],1.59 and 2.21, respectively) but not in pa-
tients taking CCBs (Table 3). A statistically signifi-
cant OR for anemia development in the medium
PDC group was found only with ACE-I treatment.

To better assess the biological exposure to
ACE-Is and reduce the influence of patient adher-
ence, we performed additional analyses for a subset
of patients who purchased only enalapril (in its var-
ious brand names and dosages) during the study
period (8466 patients, 57.4% of the ACE-I group).
For each of these patients, we summed the total
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FIGURE 1. Mean change in hemoglobin (Hb) leve
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amount of enalapril purchased and divided by the
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time of follow-up to calculate the mean daily con-
sumption dose of enalapril.

The annual change in Hb levels was found to be
associated with enalapril quintile in a dose-response
pattern (Figure 2). Multivariate models, adjusted for
age and sex, revealed that every daily 10 mg of enal-
april is associated with an annual reduction in Hb
levels of 0.16 g/dL (P�.001) and increased odds of
progression to anemia (OR, 1.45; P�.001). To to-
tally eliminate the adherence component from the
exposure estimate, we further restricted the popu-
lation to patients with very high enalapril adher-
ence levels (PDC �80%). In this sample, every
daily 10 mg of enalapril was associated with an
annual reduction in Hb levels of 0.08 g/dL
(P�.001), but progression to anemia was not sig-
nificantly associated with enalapril dosage (OR,
1.17; P�.16) (Table 4).

DISCUSSION

We found that treatment with ACE-Is and ARBs in
the general population receiving these common
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ease (IHD), diabetes, and hypertension is associated
with an increased risk of anemia and a reduction in
Hb levels during the first year after the commence-
ment of therapy with these pharmaceutical agents.
These results indicate that the apparent reduction in
Hb levels seen in patients prone to secondary eryth-
rocytosis due to concomitant medical conditions ex-
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FIGURE 2. Annual changes in hemoglobin
(Hb) levels according to daily enalapril dosage
in a patient subset purchasing only enalapril
(8466 patients, 57.4% of the angiotensin-con-
verting enzyme inhibitor group). The changes
were found to be associated with daily enal-
april dosage quintiles in a dose-response pat-
tern. Error bars represent SD of the mean.

TABLE 3. Annual Difference in Hb Levels and Develop
Groupa,b

Pharmaceutical
class

Patients
(No.)

Medium PDC (33

B or OR (95% CI)

Model 1: Annual

ACE-I 14,754 –0.07 (–0.11 to –0.0

ARB 751 –0.02 (–0.16 to 0.21

CCB 3087 –0.02 (–0.11 to 0.07

Model 2: Development of ane

ACE-I 13,547 1.39 (1.12 to 1.73

ARB 684 1.43 (0.46 to 4.43

CCB 2803 1.04 (0.64 to 1.68

a ACE-I � angiotensin-converting enzyme inhibitor; ARB � an
channel blocker; Hb � hemoglobin; OR � odds ratio; PDC �
b Annual difference in Hb levels is defined as the absolute change
between measurements/365.
c B for both models (adjusted for sex and age) and OR for mod
d Only for nonanemic patients at baseline.
Mayo Clin Proc. � December 2012;87(12):1189-1195 � http://dx.doi
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ists also in patients without such conditions and
with normal renal function.

More specifically, using a large population da-
tabase, we found that in the first year after the initi-
ation of ACE-I or ARB therapy, patients with high
adherence to medical treatment had a significant re-
duction in Hb levels compared with noncompliant
individuals. This association was also observed with
medium-level adherence, but only in patients taking
ACE-Is.

We next evaluated whether these reductions in
Hb levels consequently have clinical meaning and
found increased odds of progression to anemia
(WHO criteria) in patients starting ACE-I or ARB
treatment and adhering to therapy. A similar associ-
ation was not found when applying the same
method to a cohort of CCB users.

A different look at exposure to ACE-Is taking
into consideration medication dosage revealed a
dose-dependent association between enalapril daily
dosage and reduction in Hb levels. The association
existed even after analyzing only highly adherent
patients, although its magnitude was reduced by a
factor of 2. This finding suggests that healthy user
bias, if it existed in the present study, was limited to
a maximum of half of the association between ad-
herence and reduction in Hb levels. The fact that
adherence to CCB therapy also showed associations
that were reduced by a factor of 2 also supports this
interpretation.

To our knowledge, the impact of ACE-I and
ARB use on inhibition of the positive hematologic

t of Anemia Compared With the Low PDC (<33%)

%) group High PDC (�66%-100%) group

P value B or OR (95% CI)c P value

difference (g/dL)

�.001 –0.15 (–0.18 to –0.12) �.001

.80 –0.16 (–0.29 to –0.02) .02

.65 –0.08 (–0.15 to –0.02) .008

(according to WHO criteria)d

.003 1.59 (1.34 to 1.88) �.001

.54 2.21 (1.01 to 4.81) .05

.88 0.73 (0.51 to 1.05) .09

sin II receptor blocker; B � beta coefficient; CCB � calcium
rtion of days covered; WHO � World Health Organization.

b levels between measurements divided by the number of days
men

%-66

c

Hb

3)

)

)

mia

)

)

)

gioten
propo
in H

el 2.
effects of renin-angiotensin system activation has
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been studied thoroughly only in patient populations
at risk for secondary erythrocytosis5-11 but not in
most patients taking these pharmaceuticals for indi-
cations such as diabetes, hypertension, IHD, and left
ventricular dysfunction.

Study Limitations
This study has several limitations that should be con-
sidered. Community physicians’ rationale for obtain-
ing measurements of Hb levels before treatment initi-
ation and during follow-up is not known because it
was acquired at the discretion of the treating physician.
In addition, the nature of this study, being observa-
tional and retrospective, forced us to exclude patients
(�4000) in whom measures of Hb levels were not
available during the year after treatment initiation.

To assess the true effect of treatment with these
pharmaceutical classes on anemia status, we ex-
cluded patients in whom an excessive number of
blood tests (�10) were performed during the 1-year
follow-up because these measurements may have
obscured an alternative medical problem. Even so,
these data are derived from a large database, and,
therefore, the Hb range extremes are influenced by
single patients possibly experiencing unrelated medi-
cal conditions. An additional limitation is that the as-
sociations observed herein do not allow us to draw
conclusions of a causal relationship, and future clinical
trials will be able to determine this issue.

Perspectives
Initiation of treatment with ACE-Is and ARBs pro-
duces a reduction in Hb levels also in patients who
are not at risk for secondary erythrocytosis. Because
these medications are broadly used in conditions in
which anemia and Hb reduction are associated with
worse prognosis (eg, IHD), further research is
needed to reveal the underlying mechanism and the

TABLE 4. Enalapril Exposure and Change in Hb Level

Enalapril (per 10 mg/d) Patients (No.)

Linear regression model: annual change in

Any PDC level 8466

PDC �80% 2459

Logistic regression model: development of anemi

Any PDC level 7810

PDC �80% 2541

a B � beta coefficient; Hb � hemoglobin; OR � odds ratio; PDC
b B for the linear regression model (both models adjusted for se
c Only for nonanemic patients at baseline.
clinical consequence of these findings.

Mayo Clin Proc. � December 2012;87(1
ONCLUSION
he present findings support the claim that Hb lev-
ls are reduced during the first year after initiation of
reatment with ACE-Is or ARBs. This association is
ose dependent and cannot be totally explained by
rtifacts related to patient adherence. These findings
eveal that reduced Hb levels in the general popula-
ion receiving ACE-I or ARB therapy not only might
e due to an unknown underlying mechanism af-
ecting patients with secondary erythrocytosis, who
re particularly sensitive to factors inhibiting eryth-
opoiesis, but is also probably a class effect of ACE-I
reatment and of ARB use to a lesser extent.

Abbreviations and Acronyms: ACE-I � angiotensin-con-
verting enzyme inhibitor; ARB � angiotensin II receptor
locker; CCB � calcium channel blocker; Hb � hemoglobin;

IHD � ischemic heart disease; MHS � Maccabi Healthcare
Services; OR � odds ratio; PDC � proportion of days cov-
ered; WHO � World Health Organization
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